Introduction
Citation-based indicators have been widely used in research evaluations to supply quantitative evidence of scholarly impact, typically to support qualitative judgements. Despite the many limitations of citationbased indicators for research evaluation (MacRoberts & MacRoberts, 1989 , 1996 Moed, 2005) , they can be used on a small scale for individual publications (Abramo & D'Angelo, 2015) or even on a large scale to compare the outputs of nations (Elsevier, 2013a) . The citations used are typically derived from one of two major citation indexes, the Web of Science (WoS) and Scopus, which mainly index academic journal articles although they also include some conference proceedings and books (Elsevier, 2013b; Thomson Reuters, 2015) . Free scholarly digital libraries, such as Google Scholar, may provide additional data when more comprehensive coverage is needed. Nevertheless, since these databases primarily index citations in the works of publishing scholars, they are not useful for direct evidence of societal, cultural or educational impacts. Hence, new sources of evidence are required in order to capture evidence of these wider impacts, and although a number of new indicators have been proposed for this, all are imperfect and new indicators are still needed (Wouters, et al., 2015) .
Citations from encyclopaedia articles to academic publications may reflect the transfer of knowledge from the scholarly domain into a format that is accessible to, and perhaps used by, a wider public. According to Alexa.com's panel of toolbar users, in September 2015 Wikipedia was the seventh most visited website in the world (http://www.alexa.com/siteinfo/wikipedia.org) and so it seems to be an important source of information for a section of the online public. Moreover, at least a third of American internet users consult Wikipedia and a majority of those with a college degree (Rainie & Tancer, 2007) . Nevertheless, there have been concerns about the accuracy and completeness of Wikipedia articles (Chesney, 2006; Denning, Horning, Parnas, & Weinstein, 2005; Gorman, 2007;  cf. Giles, 2005) because anonymous authors may add incorrect information (Mehegan, 2006) . As a result, Wikipedia should be used cautiously in higher education (Chen, 2009; Chen, 2010; Eijkman, 2010; Luyt & Tan, 2010; Bayliss, 2013) and should not be used in academic publications (Cohen, 2007; Bould et al., 2014) . Although Wikipedia is widely used for learning, teaching and other academic activities, (e.g., Aibar et al., 2015; Giles, 2005; Lim, 2009; Dooley, 2010; Head & Eisenberg, 2010; Knight & Pryke, 2012; Soules, 2015) , it is not clear what the main audience for Wikipedia articles citing academic research is: students, academics or the general public. Nevertheless, it is at least possible that Wikipedia reflects knowledge production and use in a wider social context (Luyt & Tan, 2010) or has some "epistemic virtues" (e.g., power, speed, and fecundity) (Fallis, 2008) and hence citations from Wikipedia may indicate broader applications of academic outputs inside and/or outside of academia.
Despite many investigations into the reliability and accuracy of Wikipedia (Jullien, 2012; Mesgari et al. 2015) , its readership among different groups (Okoli et al., 2014) , its academic credibility (Nielsen, 2007; Luyt & Tan, 2010; Haigh, 2011; Park, 2011; Stankus & Spiegel, 2010) , and its relationship to open access publishing (Teplitskiy, Lu, & Duede, 2015) few have analysed it as an alternative source of evidence about the broader impact of academic research (Priem, Piwowar, & Hemminger, 2012; Lin & Fenner, 2014) and there have been no in depth multidisciplinary evaluations so far. The current study partly fills this gap by investigating whether Wikipedia citations to scientific articles and books can be extracted automatically and if they are sufficiently numerous for the wider impact assessment of academic articles and books.
Sources of Web Impact
There are many different ways to count citations from parts of the web. Early experiments searched for references to articles in web pages indexed by commercial search engines (Vaughan & Shaw, 2003 . Later studies often focused on specific document types or websites, including preprints, dissertations, web CVs, presentation files, course reading lists, forums, news pages, and library websites .
Wikipedia

Uses of Wikipedia
The use of an encyclopaedia is predicated on a perception of credibility, especially in an academic context (Mesgari et al., 2015) . Wikipedia recommends that "articles should be based on reliable, thirdparty, published sources with a reputation for fact-checking and accuracy" (https://en.wikipedia.org/wiki/Wikipedia:Identifying_reliable_sources). Although opinions about the credibility of Wikipedia are mixed, most seem to accept that it has some merits. A comparative analysis of book citations in 47 entries about the brain or behavioural sciences in Wikipedia and Scholarpedia (a peer-reviewed open-access encyclopaedia) found that both encyclopaedias included references to reputable information (Stankus & Spiegel, 2010) . Nevertheless, a survey of academics around the world (n=201) has shown that there are concerns about using Wikipedia (Chen, 2010) and another survey of university faculty members in the U.S. (n=105) found that none ranked Wikipedia as "extremely credible". Only 3% of academics ranked Wikipedia as "very credible" compared with about 20% who declared that Wikipedia has "no credibility" (Dooley, 2010) . Individual topics can also be controversial (e.g., Yasseri, Spoerri, Graham, & Kertész, 2014) and so it would be difficult to claim objectivity in all cases.
Wikipedia is accessed in universities by both academics and students. A survey of 1,000 Nature authors found that 17% consulted Wikipedia weekly but less than 10% helped to update it (Giles, 2005) . A third of U.S. college students in another survey (n=134) used Wikipedia for academic purposes, and especially for background information related to their courses (Lim, 2009) . Similarly, from 2,318 college students at six different U.S. colleges, most either always (30%) or frequently (22%) used Wikipedia to obtain course-related background information (Head & Eisenberg, 2010) . A survey of 137 academic staff from four universities in Australia and one each in Canada, the UK and South Africa found that over a half (56%) accepted student use of Wikipedia as a "research starter", although 22% either discouraged or strongly disapproved of its use (Eijkman, 2010) . At Liverpool Hope University, 75% of academics (out of n=133) and students (out of n=1,222) surveyed used Wikipedia for academic teaching and learning (Knight & Pryke, 2012) . About half of 913 faculty members in two public universities in Spain (47%) agreed that Wikipedia was a useful teaching source, whereas only 19% disagreed. Moreover, 27% claimed that they frequently or very frequently recommended students to consult Wikipedia (Aibar et al., 2015) . A quarter of university faculty members at a university in the U.S. (n=105) reported that they "don't ever use Wikipedia in teaching/research" and 40% declared that they occasionally use Wikipedia in academic activities (Dooley, 2010) . Hence, Wikipedia is extensively, but not universally, used in higher education and by researchers.
Outside of academia, Wikipedia is a prominent source of general medical and healthcare information (e.g., Kim et al., 2010; Devgan, Powe, Blakey, & Makary, 2007; Heilman et al., 2011; Thomas, Eng, de Wolff, & Grover, 2013) . Over 155,000 medical Wikipedia articles in different languages were accessed more than 4.88 billion times in 2013, making it one of the most viewed medical and health care resources on the internet (Heilman & West, 2015) . It is also frequently listed in search engine results for health-related queries (Laurent & Vickers, 2009) . Wikipedia is a valuable resource for medical professionals: about 70% of junior physicians from a major London medical school (n=35) used it for their clinical decisions and medical education (Hughes, Joshi, Lemonde, & Wareham, 2009 ) and a usagelog analysis of medical students in Australia (n=842) found that Google (70%) and Wikipedia (51%) were more used than eMedicine (21%), the National Institutes of Health (NIH) (16%) and the university library (Judd & Kennedy, 2011) .
Wikipedia is consulted by the public for a variety of information needs, many of which will not need current academic research to help satisfy. A study of the 100 most-visited Wikipedia pages (September 2006 to January 2007 showed that entertainment (43%), politics and history (15%), geography (12%), and sexuality (10%) were the most popular, whereas only 6% were on scientific topics (Spoerri, 2007) . It is not clear whether the non-scientific topics often cite academic research, however. Presumably this would be most likely for politics and history or geography and least likely for entertainment.
Citations to Wikipedia Articles
Evidence of the relationship between Wikipedia and scholarship can be found in the Wikipedia articles that are cited in scientific publications. A study of English medical science journals indexed in Medline, PubMed, or Embase found that 1,433 articles from 1,008 journals cited 2,049 Wikipedia articles. The majority of the citations to Wikipedia articles were created for definitions (31.6%), descriptions of processes (23.5%), or historical background (13.5%), whereas less than 5% cited it instead of the original research discussed in the cited article (Bould et al., 2014) . Similarly, articles in chemistry journals from three major publishers (the American Chemical Society, Elsevier, and Springer) in the period of 2005 to 2009 rarely (370 times in total) cited Wikipedia and most Wikipedia articles (63%) were cited for "general scientific information", typically relating to science, technology, engineering, and mathematics (Brazzeal, 2011) The number of Scopus publications citing Wikipedia has increased dramatically over time, however (Figure 1) Citations to Encyclopaedia Britannica articles were estimated using cited references source title search (REFSRCTITLE) for "*Encyclopaedia Britannica*", "*Encyclopedia Britannica*", "*Encyclopaedia Britannica*", "*Britannica Online Encyclopaedia*" or "*Britannica Online Encyclopaedia*" in combination of cited reference search (REF) for "*britannica.com*" to capture citations to online Encyclopaedia Britannica articles. The query REF("*wikipedia.org/wiki*") was used for Wikipedia.
Wikipedia-Cited Scientific Publications
Several investigations have assessed references in Wikipedia articles. A study of ISBN, PubMed, DOI and ArXiv identifiers in English Wikipedia showed that the majority of matches were to books and monographs (Halfaker & Taraborelli, 2015) . Over a third (35%) of the cited references were to books compared with less than 2% to academic journal articles from a sample of 50 national history articles (Luyt & Tan, 2010) . About 62% of the references used in the Wikipedia articles were internet sources, such as government websites and news and media, suggesting that Wikipedia is "a product of a wider social context" rather than a "serious reference work" (Luyt & Tan, 2010, p. 721) . These studies also suggested that books and monographs are more frequently cited in Wikipedia entries than are academic articles.
Relatively few articles ever get cited in Wikipedia. Only 4-5% of articles published by the Public Library of Science (PLOS) have been cited in Wikipedia (Lin & Fenner, 2014; Priem, Piwowar, & Hemminger, 2012) . One study found a significant correlation between counts of citations from Wikipedia to articles in scientific journals and their impact factors as reported by Journal Citation Reports, suggesting that Wikipedia articles tend to cite articles in high impact journals such as Nature, Science and the New England Journal of Medicine (Nielsen, 2007 ). An analysis of characteristics of publications cited in Wikipedia found that the most cited publications were from information science and computer science, however, and that the Journal of American Society for Information Science and Technology and Lecture Notes in Computer Science were amongst the most popular (Park, 2011) . Medicine, Nature, British Medical Journal, The Journal of the American Medical Association (JAMA) and Science were the most cited medical journals in medical Wikipedia pages (Heilman & West, 2015) . Similarly, an investigation on sample of 50 health related Wikipedia entries (e.g., Cancer, Alzheimer, smoking) showed that 56% of the cited references were from reputable sources such as the New England Journal of Medicine, Nature, JAMA, and Archives of Internal Medicine (Haigh, 2011) .
In summary, books seem to be cited more often than articles, reputable journals are often cited, and health, information science and computer science are common topics for citations from Wikipedia.
Research Questions
The aim of this paper is to analyse the potential for Wikipedia citations to be used as a new source of evidence about the educational, societal, cultural, or other impacts of articles and books that are not well reflected by their citation counts. For example: a course textbook might be cited in relevant Wikipedia articles as a result of students finding it useful; a monograph might be cited in an article on local government policies because it is widely used by local government officials, at least one of whom edited Wikipedia; a popular work on renaissance art might be cited in several relevant artists' biographies on Wikipedia by interested art connoisseurs that appreciate the historical insights that it has given them during recreational reading. These types of impacts are important for evaluators to assess, especially in the arts, humanities and social sciences, where cultural or educational outcomes can be important. As a first step, it is logical to assess whether they are frequent enough to be worth counting and the extent to which they correlate with traditional citation counts across fields and years (Sud & Thelwall, 2014) . A perfect correlation (+1) would render Wikipedia citations redundant, whereas other statistically significant positive correlation would be evidence that Wikipedia citations were not random and could, together with other evidence, support an argument for how they should be interpreted.
1. Are academic articles and monographs cited often enough in Wikipedia for it to be a useful source of impact evidence? 2. Do Wikipedia citations reflect impacts of academic research outside of academia (e.g., cultural, societal and educational)? 3. Are there disciplinary differences in the answers to the above questions and between papers and monographs?
Although, as reviewed above, there have been partial answers to the above questions in previouslypublished research, such as for individual journals or topic areas, a large scale systematic study across multiple fields, years and academic outputs (e.g., books) is needed in order to give general answers and conclusions about the implications for research evaluation. Moreover, comparisons with other alternative indicators, such as citations from monographs and academic syllabus mentions, are also needed to give insights into whether the educational or cultural impacts of research are reflected in Wikipedia citations.
Methods
The research design is to create large samples of recent academic journal articles and books from multiple disciplines and to assess the extent to which they are cited in Wikipedia through comparisons with traditional and other types of citation counts. These other types are academic syllabus mentions, which reflect educational impact, and Google Books citations, which represent book-based impact. Both of these are relevant to Wikipedia, as confirmed by the above literature review. Spearman correlations between the different counts were used to assess, in part, the extent to which they reflect similar types of impact.
Data Sets
The investigation was based on counts of Wikipedia citations to 302,328 articles and 18,735 monographs from multiple Scopus subject areas published during 2005-2012. The Scopus citation database was used instead of the Thomson Reuters Web of Science because it has better coverage of arts and humanities academic journals and books (Meester, 2013) and it is adequately mature, especially from 1996 onwards (Ball & Tunger, 2006 These years were selected to give a long enough time window (eight years) for comparisons over time whilst giving academic articles and books at least two years to attract citations. Comparisons over time are useful in case the practice of Wikipedia citation is evolving rapidly. For Scopus articles, bibliographic information and citation counts for English language articles and reviews (omitting editorial materials, letters, notes, book chapters, short surveys and erratum) were extracted from sixteen science, medicine, social science and humanities fields in order to give a wide selection of different academic areas. Subject areas were selected based on Scopus All Science Journal Classification (ASJC) codes (see: http://ebrp.elsevier.com/pdf/Scopus_Custom_Data_Documentation_v4.pdf).The advanced Scopus search command 'subjmain' (e.g., subjmain(1202) for History) was used to limit the results to a specific field. Very distinct subject categories were then removed from the Scopus results (e.g., 'Dentistry' or 'Chemistry' from History search results) to give a more focused dataset for comparisons between disciplines. However, we included results within subjects that were more homogeneous and with a large overlap between Scopus categories (e.g., Social Sciences and Arts and Humanities disciplines).
For each selected field and year, a random sample of 2,500 articles was taken from all downloaded Scopus records to have large enough data sets for analyses in different years (2,500 * 8 years = 20,000). Records without author information in Scopus were removed in order to perform effective searches. Articles with less than three words in their titles were excluded due to many records being incorrectly indexed as articles in Scopus (e.g., Editorial, Commentary, Conclusion, Forward, Editor's note, This issue) and articles with very short titles (e.g., Hero, Fever, Tokyo) that could generate many false matches in the Wikipedia searches used. Articles with one or two words in their titles were more common in Music, Visual Arts and Performing Arts, Philosophy, and Literature than in other fields.
In order to compare Wikipedia citations to monographs with Wikipedia citations to articles, a random sample of 500 Scopus books was taken in the Arts and Humanities and Social Sciences in each year (500 * 8 years= 4,000). For the other fields analysed with fewer indexed books, all Scopus-indexed volumes were used. The Scopus advanced search command "DOCTYPE (bk)" was used and the results were restricted to English books published during 2005-2012 in order to have a homogeneous set. Edited books, book series, book chapters, trade publications and books without author information ("[No author name available]") were excluded in order to focus on monographs. To avoid multiple book editions, records with information in Volumes or Editors fields and book titles including terms such as "edition" (e.g., second edition) or "volume" (e.g., Vol. III) were also excluded. This decision was made because Scopus citations for individual editions are not included within the counts of citations to other editions and hence citation counts could be underestimated for edited volumes. For instance, the tenth edition of book "Introduction to Probability Models" by S.M Ross published in 2009 had no Scopus citations, whereas its eleventh edition published in 2014 had received 8 Scopus citations at the time of study. This problem has already been identified for bibliometric analyses of edited books and volume series using the Thomson Reuters' Book Citation Index (Leydesdorff & Felt, 2012) . Due to problems in Scopus with limiting book results to a specific subject area, especially in the humanities (e.g., history or education), the book searches were restricted to the eleven broad subject areas. Multidisciplinary books were also ignored by removing multiply-classified books (e.g., excluding "Arts and Humanities" monographs from "Medicine" search matches). Similarly to the case for articles (see above), monographs with titles containing less than three words were excluded to avoid retrieving many false matches from the Wikipedia searches. For both Scopus-indexed articles and monographs, Scopus citation counts (the "Cited by" field) were used.
Automatic Wikipedia Citation Searches
To identify citations to books or articles from Wikipedia, the simplifying assumptions were made that such citations would not include typos and would include some basic information about the cited work, such as the author and title, and that citations could be identified through search engine queries. As a result of these assumptions, partial coverage of the web by search engines and incomplete sets of search engine results (Bar-Ilan, 2004) , the Wikipedia citation counts described below are likely to be underestimates.
The Bing API in the free software Webometric Analyst (http://lexiurl.wlv.ac.uk) was used to automatically search for citations in Wikipedia. The queries were automatically generated from the Scopus bibliographic information by Webometric Analyst (see the "Make Wikipedia Searches for Scopus/WoS Data" option in the "Make Searches" menu) which was designed for this purpose. To generate effective queries the first (up to) three authors' last names were used, the first (up to) ten terms of the article title as a phrase search, and the publication year, together with the site:wikipedia.org/wiki/ command to limit the results to Wikipedia articles, as shown in the examples below. For articles with three or four words in their titles, journal names were also added to reduce the number of false matches from the searches. This reduces the number of false matches but may also lose some correct matches that used an abbreviated journal name (see examples below). To locate citations to monographs in Wikipedia, publisher names were used instead of journals names for books with three to six terms in their title. This technique was used because books titles tend to be shorter and more general than scientific article titles and this could cause false matches. Publisher names in Scopus can be mentioned in multiple different ways (e.g., Springer US, Springer New York, Springer Netherlands, Elsevier Ltd., Elsevier Inc.). Hence, the publishers' names were manually checked and standardised before use to give the most matches. 
Google Books Citations
Google Books seems to be the best available source of Book-based impact evidence. For the 18,735 monographs in the study, Google Books API citation searches in Webometric Analyst ("Books" tab) were conducted. These automatically extract citations from digitised books indexed by Google Books and remove false matches (for method details see: Kousha & Thelwall, 2014) . Google books citations were used because Google books citations are more numerous than Scopus citations -at least for 1,000 books in the 2008 UK RAE in seven fields (Kousha, Thelwall, & Rezaie, 2011) , and may reflect a different type of impact to that of journal articles. The Wikipedia citation queries were used to locate citations from Google Books, but omitting the command site:wikipedia.org/wiki/ at the end of each query, as in the examples below.
Henham Behrens "The criminal law of genocide International comparative and contextual aspects" 2008
Smith Vromen Cook "Keywords in Australian politics" "Cambridge University Press" 2006 
Academic Syllabus Mentions
Mentions of books in course reading lists can reflect their teaching value and hence citations from online academic course syllabi were counted in order to investigate the teaching value of articles cited in Wikipedia (for method details see: . Book titles, authors and years were combined with either "syllabus" or "course description" to construct the queries. Bing API searches were used together with a set of results filtering rules to identify syllabus mentions accessible in the open web in over 25,000 academic websites and to exclude false matches (again in Webometric Analyst). The vertical bar "|" between queries in the example below is an OR operator to run two queries at the same time with the program combining the results after removing duplicates.
scientific papers are cited in Wikipedia entries. Hence, it seems that Wikipedia citations are not common enough to be used for the impact assessment of articles in most fields. Nevertheless, in History (11%) and in Music, Visual Arts and Performing Arts, Political Science and Astronomy and Astrophysics (7%) more articles in each field had at least one Wikipedia citation, perhaps reflecting popular interest in these areas, such as for biographies, history and popular science. Only 0.7% of the articles (2,133 of 302,328) had at least one Wikipedia citation but no Scopus citations, and so very few articles are recognised by Wikipedia alone. In contrast, 72% (218,169 out of 302,328) of articles had at least one Scopus citation but no Wikipedia citations. Of the articles with one or more Wikipedia citations but no Scopus citations, 71% (1,518 of 2,133) are from the arts and humanities (e.g., Music, Visual Arts and Performing Arts, History and Literature) and 20% are from the social sciences (e.g., Political Science and Education and Business), in comparison to the low figures for science (7%) and medicine (2% A third (33%) of the 18,735 Scopus monographs in all fields had at least one Wikipedia citation, whereas about 29% had one or more Scopus citations (Table 2 ). In the Arts and Humanities, just under of half (48%) and in the Social Sciences 39% of the monographs had at least one Wikipedia citation, which is almost double the rates for Scopus citations (26% and 16% respectively). Hence, Wikipedia citations are particularly plentiful in book-based fields. In Immunology and Microbiology (34%) and Psychology (32%) about a third of the Scopus books had at least one Wikipedia citation. However, in Medicine, Biochemistry, Genetics and Molecular Biology, Business, Computer Science, and Pharmacology and Pharmaceutics about a quarter (ranging from 22%-26%) of the monographs had at least one Wikipedia citation. In all areas Wikipedia cites a much higher percentage of books than journal articles, however, and a substantial minority of the Scopus-indexed books tested, and so it may be useful for book evaluations in all fields. Books are up to twice as likely to be cited by other books as they are to be cited by Wikipedia, although the difference varies by field (Table 2) . Hence, Wikipedia citations should not replace citations from books. Although there is a tendency for older books to be more cited by Wikipedia, other books and articles (Table 3) , three years (i.e., the 2012 data) is long enough for half of the books that will eventually be cited by Wikipedia (taking the 2015 figure as approximately final). In terms of the length of time window required for half of all Scopus-indexed academic monographs to receive Wikipedia citations, the results suggests that in Arts and Humanities the minimum time would be five years and ten years for the Social Sciences. 
Types of impacts reflected by Wikipedia citations
Assessing the strength of correlation between Wikipedia citations and academic citations can give insights into the extent to which they reflect the same types of impact. In particular, a strong positive correlation would suggest that they reflect similar types of impact, whereas weak correlations would (Fairclough & Thelwall, 2015) .
There are significant, but low, Spearman correlations between Scopus citations and Wikipedia citations to articles in all fields and years ( There are stronger correlations between Wikipedia citations and academic syllabus mentions than between Wikipedia citations and Scopus citations in most fields, suggesting that Wikipedia citations are more closely related to educational benefits than to narrower scholarly benefits. 
Discussion
This study has a number of limitations. It does not cover all research areas and some areas may be particularly suited to, or alien to, Wikipedia. In addition, the choice of English language Scopus-indexed articles is an important restriction. Presumably, articles in other languages and those that are not in Scopus are less likely to be cited. The biases are probably substantially stronger for the monographs analysed because Scopus indexes relatively few academic books. Moreover, the automatic syllabus search method only captures a subset of the citations from academic course syllabi indexed by the Bing search engine and is likely to miss many results from academic syllabi that are not accessible in the open web.
An important limitation for interpretations of the results is that whilst Scopus citations reflect academic impact and syllabus mentions reflect educational impact, it is not clear what type of impact is reflected by citations from Google Books. Google does not reveal details about the extent of its coverage of different types of books and in any case only books that cite academic research are relevant here (e.g., few novels cite anything). Presumably, some of the citing books would be monographs and so their citations would reflect scholarly impact. Others would be textbooks, with their citations reflecting educational impact. In addition, there may be books aimed at a specific professional audience (e.g., How to Improve Your Leadership and Management Skills), reflecting commercial or societal impacts. These may overlap with educational impacts because books that are useful for a professional audience may also be added to relevant course reading lists. Some books citing academic research may also support the health and wellbeing (Hardcore Self Help: F**k Anxiety: Volume 1) or life skills (e.g., 22 Things a Woman Must Know: If She Loves a Man With Asperger's Syndrome) of the general population, reflecting societal impact. Some citing books will be popular works on the arts (e.g., Great Film Directors A-Z) and humanities (e.g., A Short History of England), reflecting art and cultural impacts. Popular books about science (e.g., A Brief History of Time) perhaps encompass both educational and cultural impacts. Because of these differences, Google Books citations probably tend reflect different types of impacts, depending on the cited disciplinary area.
Overall, Scopus-indexed academic monographs tend to be cited by Wikipedia considerably more often than are Scopus-indexed scientific articles (as confirmed by (Table 7) can give insights into the types of books that provide particular value to Wikipedia even though that value would not be recognised by traditional citation counts. There was only one case of a book with many apparently unmerited Wikipedia citations. This book had been added to the biography sections of hundreds of Serbo-Croatian Wikipedia pages related to Italy, presumably by a single enthusiastic editor. Three themes were common in the remaining books. Popular topics, such as astronomy, dinosaurs, Intelligence Quotient (IQ) tests, illegal drugs, and war, appear to have attracted a non-academic readership that included Wikipedia editors. Thus, their Wikipedia citations probably reflect wider popular uptake for these books. Textbooks and books that can be read by students also generated Wikipedia citations, perhaps from students learning about the topic and updating Wikipedia, or from their instructors ensuring that relevant pages have good citations. Reference works and reviews were also prominent. Even though academics tend to cite review articles more than other articles, this tendency may not extend as much to books, especially if they do not have a research focus. These last two types of citations may reflect educational impact rather than scholarly impact. Presumably one of these was the original article and the remainder were copied and translated whole or in part (Hale, 2015; Liao, 2014) . Hence, some high Wikipedia citation counts may represent international copying and translation rather than a wide variety of different contributions.
More review articles (as labelled by Scopus) had at least one Wikipedia citation (7.7%) than did other articles (4.4%) across all fields (Figure 2 ). In Science and Medicine (except for astronomy and surgery) the proportion of review papers with one or more Wikipedia citation was at least double that of articles, indicating that reviews are more likely to be cited in Wikipedia articles. For instance, in Environmental Sciences 10% of review papers had at least one Wikipedia citation, whereas only 3% of other articles had one or more Wikipedia citation. In Social Science and the Arts and Humanities this difference is much lower, however. Review articles are usually longer than research articles and are perhaps more accessible to non-experts than are typical articles, and so may be naturally more useful for an encyclopaedia, perhaps for definitions, descriptions and background information (see : Bould et al., 2014) . 
Conclusions
In answer to the first research question, only 5% of the Scopus articles had at least one Wikipedia citation, although 8% of review articles did, whereas 33% of the academic monographs had attracted one or more Wikipedia citations. This shows that Wikipedia citations to academic publications are much more common for books (see also Luyt & Tan, 2010; Halfaker & Taraborelli, 2015) rather than for articles (Priem, Piwowar, & Hemminger, 2012; Lin & Fenner, 2014) . Moreover, only about 0.7% of the articles investigated had a Wikipedia citation but no Scopus citations whereas 22% of the monographs had a Wikipedia citation but no Scopus citations. Hence, indicators generated from Wikipedia citations are likely to be more useful for the impact assessment of books than for articles. For monographs, the figure of 33% being cited seems to be enough for Wikipedia citations to be useful for most research evaluation purposes, especially given that the numbers were not substantially smaller than those for the other sources checked. For articles, the percentage of Wikipedia-cited articles is too small to be worth calculating routinely for individual papers, with some exceptions. It would still be possible to compare large groups of papers based on the proportion attracting Wikipedia citations. For example, this might be used by a research group to support a claim that their work had a particularly strong impact in education. It would also be possible to use Wikipedia citations to identify individual articles that had made a strong contribution to education or popular knowledge even though they had not been cited much in the traditional literature.
In answer to the second research question, the weak but significant correlations between the Scopus citations and Wikipedia citations for most fields and years suggest that Wikipedia citations only loosely Environ. Sci.
Computer Sci.
Biochem. and Genet.
Astron. and Astrophy.
The percentage of articles and reviews with one or more Wikipedia citations Articles Reviews reflect scientific impact. Higher positive correlations between Wikipedia citations and Google Books citations in almost all years and fields ( Table 4 ), suggests that Wikipedia citations reflect more of a book type of impact (e.g., educational or cultural) than traditional scholarly impact. The moderate or strong correlations between Wikipedia citations and both Google Books citations and academic syllabus mentions in most fields are consistent with Wikipedia citations reflecting educational value, at least in part. Presumably, textbooks, introductory science books, histories, biographies, novels and poetry may be cited particularly often in encyclopaedia articles. It may be that Wikipedia citations also partially reflect other types of impact, such as value for popular science, but this was not tested. Hence, Wikipedia citations can be regarded as a particularly helpful quantitative indicator in most arts and humanities and in some areas of the social sciences, although the precise nature of the impact that they reflect probably varies by field.
In answer to the last research question, there were considerable disciplinary differences in the extent to which academic publications were cited in Wikipedia. Monographs were cited particularly often in the arts and humanities (48%) and in the social sciences (39%), probably due to the cultural or educational values of the books that were targeted at, or accessible to, students or a wider public. Variations between broad subject areas are also evident in the correlations between Wikipedia citations with Google books, Scopus citations and academic syllabus mentions and so in some areas Wikipedia citations may be closer to reflecting scholarly impact. For instance, the correlations between Wikipedia citations and the Google Books citations are high in Physics and Astronomy, perhaps due to many citations in popular Wikipedia entries about astronomy.
Overall, the results suggest that Wikipedia citations are a useful new source of evidence about the impacts of books, and probably their non-scholarly impacts, especially in the arts and humanities but also in the social sciences and elsewhere. This takes advantage of their open nature, in contrast to traditional academic citations, because any person with internet access can create and edit them. Wikipedia citations can also be used to compare groups of articles for non-scholarly impacts and to identify individual articles that make a substantial non-scholarly contribution. As with almost all alternative indicators (Wouters & Costas, 2012) , however, the relative ease with which they can be manipulated means that they should not be used for research evaluations with stakeholders that would have an interest in the evaluations. They could still be used for self-evaluations and informal analyses as well as for more theoretical purposes, such as investigations into science dissemination. 
